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FOREWORD 

The  safety  of  Navy  explosives  containing  2,4,6-trinitrotoluene 
(o-TNT)  and  ammonium  nitrate  (Minol,  Pamatex,  Amatex)  depends  on  the 
potential  chemical  reactions  between  component  ingredients.  One  method 
of  value  in  studying  this  problem  is  to  examine  reactions  between  pure 
.samples  of  individual  components  of  the  explosive  mixture.  Thus,  trace 
amounts  of  impurities  (such  as  a-TNT  isomers)  can  be  evaluated  with 
respect  to  their  potential  reaction  with  other  ingredients.  In  the 
present  study  the  reaction  between  a-TNT  and  its  isomers  with  ammonia 
has  been  examined  and  certain  chemical  reactions  defined.  Selected 
aminodinitrotoluene  reaction  products  derived  from  isomeric  trinitro- 
toluenes have  been  synthesized  and  their  chemical  stability  evaluated. 
It  is  concluded  that  the  aminodinitrotoluenes  are  rather  stable 
compounds  (more  stable  than  a-TNT  itself)  and  do  not  represent  a 
potential  storage  hazard. 
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■ ULUHITy  cl  ASSIFIOTION  of  this  PA0Ef»7i«fi  D»<«  Bnltnd) 

(U)  Reduction  and  Amnoyioly ui u PiK’ducts  Derdoed 
ij'forj  Isomeric  Trin!  t>‘  ’toluenes . Simth,:.;  is  and  Che.m- 
\^ical  dtaidli t’j  of  t.iu  Amitiodirutrotoluenes, , by  Arnold 
r.  Nielsen,  Ronald  A.  Ili-nry,  William  I’.  Norris, 

Ronald  1..  Atkins,  Diniald  W.  Moore,  and  Albert  11. 
l.epie.  China  Lake,  Calif.,  Naval  Weapons  Center, 

• lune  1977,  40  pp . (NUC.  IP  59  5 1,  publication 

HN<'1,ASSI1;1£D. ) 

(U)'VThe  reaction  of  ammonia  with  the  si.x  iso- 
meric trinitrotoluenes  has  been  examined.  Syntheses 
of  eight  ami  nod i n i trot ol  tienes , including  all  derived 
by  ammonolysis  of  the  five  unsvmiv.etr ical  trinitro-  /. 

toluenes,  anil  reduction  of  ,h-t  r i nit  rot  o 1 none  (a- 

TNTl  , are  described.  S\nthesis  ot  the  sixteenth,  and 
only  previouslv  unreported  aminodinitrotoluene  isomer, 
3-amlno-2^5-d in  it rot.i  1 uene , has  been  achieved. 

Nuclear  magnetic  resonai'.re  spectra  support  the  struc- 
ture assignments.  Impact  sensitivities  and  decomposi- 
t ion  temperatures  (determined  by  diffcrentl.il  thermal 
aialysis)  were  determined  for  all  eight  .im  i nod  i n i t ro- 
toluenes  described  in  this  re))Ort.  All  compounds 
'.■ere  lound  to  be  <]uire  stable,  more  stable  'ban  a- 
INT  itself.  It  is  concluded  th.it  potential  formation 
c .am  inod  i n it  ro  to  luenes  bv  reaction  of  .immoiiia  with 
impurities  in  militarv  grade  TNT  rloes  not  con.sritute 
a safety  hazard. 
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INTROnUCTlON 


The  safety  of  military  ordnance,  to  an  important  degree,  is  related 
to  the  potential  chemical  reactions  between  component  ingredients.  The 
stability  of  certain  explosives  containing  2 , A , 6-t  r ini  t rotol  iiene  ((t-TNT) 
and  amnujnium  nitrate  (Minol , Hamatex,  Amatex)  depends  on  the  extent  of 
reaction  of  the  TN'T  with  the  ammonium  nitrate  component.  Other  questions 
of  importance  are  the  related  reaction  ot  1 NT  with  ammonia  itself,  the 
Identification  of  products  formed,  and  the  stability  of  these  products. 
Storage  life  and  the  safety  ol  munitions  could  be  affected  by  such  reac- 
tions. ihe  compatibility  of  explosive  ingredients  on  storage  must  be 
considered  a matter  of  major  imiiortance. 

The  present  study  addresses  an  important  question  concerning  the 
compatibility  of  explosives  containing  TNT  and  ammonia  derivatives. 

That  is,  what  are  the  explosive  properties  of  the  principal  ammonolysis 
products  of  the  isomeric  trinitrotoluenes  --  the  aminodin itrotoluenes 
(dlnitrotoluldlnes) ? The  answer  has  been  found  by  examination  of 
selected  isomeric  amlnodinit rotoluenes ; these  materials  are  actually 
quite  stable  (more  stable  than  a-TNT  itself)  and  it  is  concluded  that 
they  do  not  represent  a potential  storage  hazard. 

Crude  TNT  prepared  by  the  batch  process  is  a mixture  containing 
principally  a-TNT  (1^,  93  to  95%)  and  small  amounts  of  isomeric  trinitro- 
toluenes and  other  impurities  (fable  (References  1 throvtgh  lb  are 

cited  in  Table  1.)  All  six  of  the  isomeric  trinitrotoluenes  may  be 
present.  The  principal  TNT  impurity  is  the  Y~isomer,  2,4,5-trinitro- 
toluene (3).  Minor  amounts  of  certain  dinitrotoluencs,  trinitrobenzenes, 
trlni trocresols , and  other  compounds  may  also  be  present.^  After  purifi- 
cation by  the  Sellite  process  (sodium  sulfite  treatment)  most  of  the  un- 
syrametr leal  trinitrotoluenes  are  removed  as  water-soluble  sulfonate  salts. 
Military  grades  of  a-TNT  usually  freeze  above  80°C  and  contain  less  than 
2%  of  impurities,  mainly  TNT  isomers.  Crude  TNT  freezes  at  ca.  75  to  7b“C 
and  pure  a-TNT  freezes  at  80.75  i0.05"C. 

At  the  present  time  a-TNT  is  prepared  by  a continuous  process  at 
the  Army  Ammunition  Plant.  An  analysis  ot  the  impurities  in  the  crude 
and  finished  products  is  summarized  in  Table  2.'^“'^  The  amounts  of 
TNT  isomers  present  in  crude  material  prepared  by  either  batch  or 
continuous  process  are  very  similar  (compare  Tables  1 .ind  2).  The 
finished  product  contains  materials  absent  in  the  crude  including 
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rABl.K  1.  Isomori.-  TriniLroto!  lu-iu>h  Prest-nt  in  Crude 
'I  NT  I'reiKH'fd  ()V  a Hau  h Proi  oss. 


Cpd.  Striu-tural 
no.  torinula  Form 


ignition 


1 1 ^ ' 2 , 4 , b-Tr  i n i L rotol  iieno  H0.8  290  93-95 


2,  >, 4-Tr i n i trot o luene  112  302  1.4- 1.6 


-lo. 


I 2 , 4 , 5-1 r in i r rotoiuene  104-104.5  291  2.6-2. 7 


1-6, 

9,11, 

12 


0 N^'Y^NO, 

^ NO,  ' 


i . 4 , 5-Tr i n 1 r ro to  1 uene  1 37.5  31  3 0.002-  1-3, 

0.006  5,13, 


CH 

NO, 


2,3,5-Trinitrotoluene  97.5  332  0.01- 

0.04 


II  2 , 3, 6-Tr  in  1 1 rotol  iiene  111.5- 

112.5 


335  0.15-  1-5, 

0.4  8,16 


, Data  of  Ref.  5. 

:> 

Data  of  Ret.  2-4.  Other  Impurities  Include  dini C rotoluenes, 
tr  initrobenzene.s,  di-  and  t r ini  t rocreso  1 s,  trinitrobenzoic  acid,s,  and 
te t rani t rome thane . 

Reference.^  refer  to  data  in  thi.s  Table  and  to  publications  on 
synthesis  and  structure  citeil  in  this  report. 
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TAIU.E  2.  Impuritiies  Present  in  TNT  Prepared 
bv  a Continuous  Process.^ 


(\vTipound 

Approximate  maximum  nominal 
concentration 

Crude  Finished 

2 , 6-D i n 1 1 rot o i uone 

0.2i; 

0.25 

2 , in  it  rotu  1 uono 

0.50 

0.50 

2 , 3-Din i t roto 1 none 

0.C5 

0.05 

2 , 5-D  in  i t rotol  ui-ne 

O.IO 

0.10 

3 , A-L>ini  t roto  i uune 

0.10 

0.10 

3 , 5-L)in i t roto  1 ucr.e 

0.01 

0.01 

2 , 4 , 5-  i'r  in  it  rot . ' 1 ucMic 

2.50 

0.30 

2 , 3 , 4-T  r ini t rot  o 1 uenc 

1.75 

0.20 

2 , 3 , 0-Tr i n i t ro  toluene 

0.50 

0.05 

2 ,3, 5-Trini  triitoluene 

0.05 

0.05 

1 , 3-D  i n i t robt*n/.eite 

0.02 

0.02 

1,3, 5-Tr in  it  rohonzcne 

0.15 

0. 10 

2,4, 6-7 r in i t robenzy I alcohol 

0.25 

0.25 

2,4 ,b-i rinitrobenzaldehyde 

0.25 

0.25 

2 ,4 , 6- Ir  in i t roheazoic  acid 

0.50 

0.05 

i-Ni  t r.ilo-2  ,4 ,6-trinit  ro  toluene 

0.10 

0.10 

Vet  r. ini t romet  huno 

0.10 

none 

2,2' -Dica  rboxv-  1,3' ,5,5* -Lc t rani t ro- 

0.35 

0.05 

azoxy benzene 

2,2'  ,4,4'  , 6 , 6 ' -Hoxnni t robibenzyl 

none 

0.40 

3-Metliv  1 -2  ' ,4,4’  ,6,6'  -pentani  tro- 

none 

0.40 

diphenylme thane 

3,3'  ,3,5' -Tet  ran i t roazoxybenzene 

none 

0.01 

Data  from  Radford  Army  Ammunition  Plant,  Radford,  Virginia. 


Concent  rat  ions  listed  are  the  maximum  possible.  Actual  values  will 
be  much  lower. 


2,2' ,4,4 ' ,6,6'-liexanitrobibonzyl  , 3-methyl-2 ',4,4' , 6 , 6 ' -pentanl t rod i - 
pbenylmethane  and  3 , 3 ' , 5 , 5 ' -t er rnnit ronzoxybenzene . These  compounds 
arise  from  the  Sellite  process.  The  finished  prcKluct  also  may  contain 
small  amounts  of  the  Impuritle.s  found  in  the  crude  (approximate  maximum 
coiicentrat  LOUS  are  listed  in  Table  2). 


REACTION  OF  TRINITROTOLUENES  WITH  AMMONIA  AND  AMMONIA  DERIVATIVES 

I he  reaction  of  a-TNT  and  its  isomers  with  ammonia  and  ammonia 
derivatives  lias  been  studied  by  others.  Although  pure  ammonium  nitrate 
shows  no  reaction  with  pure  a-TNT,  the  presence  of  ba.ses  permits  release 
of  ammonia  which  can  tiien  react. 
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l.ing  atul  Boilcau,^*  Korcz  i nsk  i , ^ ^ and  Gina  and  KfR^iani'^  noted 
that  the  reaerii>n  of  a-TNf  with  anhvdrous  ammonia  i»ave  an  unstable 
addition  (Jioduet  eontainini;  two  molecules  of  ammonia.  I'lie  material  wa.s 
described  as  a briglu  red  irystalline  material  which  decomposed  at  180 
to  200°C  ti'  libi'rate  ammonia.  No  structural  formul.t  was  assigned.  In 
air  the  material  turned  dark.  When  treated  witli  water  it  decomposed  to 
yield  .immonium  nitrite  and  unidentified  noncrystalline  material  (not 
recovi'red  a-TNi  ) . One  sample  of  the  hydrolysate  gave  aii  .analysis  corre- 
sponding to  .in  aminod  in  i t roto  1 none  (found:  %N,  21.10;  c.alcd.  tor 

CyliyN'iOi,:  %N,  21.32).^*  Othei  samples  g.ive  simil.ir  analyses,  but  the 

analytii-.il  results  were  vari.ihli  . In  tlu'  present  study  an  ethanolit- 
solution  of  a-TNT  \'as  treated  with  excess  gaseous  ammon  i .a  .it  ?1-it0°G 
(90  minutes)  to  yield  i d^'ep  reel  si'lution.  Rcaioval  of  the  s.ilvenl  gavi‘ 
a red  solid,  which  wlu-n  tre.ated  with  water  g.avi-  a dark  amorphous  solid, 
un  ident  i f iiwl . 


The  re.ution  of  i-TNf  with  metluixide  ion  leads  to  rapid  formation 
of  .1  b rown-.'o  I or  ed  ’ enheimer  adduct  (7),  followed  bv  a slower  form.i- 
t i on  ot  pur  pie.  a 8 . “ 


In  more 


concentr.ited  base  a reddish-colored  dianion  (9)  is  formed."'" 


By  analogy  witli  the  metherxide  addition,  the  addition  of  two  mole- 
cules of  tile  we.iker  base,  ammonia,  to  a-TNi'  would  be  expected  to  yield 
adduct  salt  U)  and  correspond  to  tlie  red  cryst.alline  material  isolati-d 
by  previous  workers  ^ Loss  of  anunonium  nitrite  from  10  could  yield 

one  or  more  am i nod i n i t ro to  I uenes . The  reaction  should  be  reinvestigated. 


Ill 
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An;  i nod  in  i t rot  o ! iieiu's  J-nmi  iu'-4 , 6-d  i n i t roU)  1 uono  (15)  and  4-amino- 
3 , 6-d  i n i t rot  o 1 neno  (d5)  am  lorniod  bv  mduction  ol  a-rNT  with  ammonium 
po  1 ysu  1 f idf  . ■ This  maotion  has  Doon  ro  i n ves  t iya  t od  in  the  prosont 

work  and  new  results  tiiseussed  below.  Properties  of  am  i nod  in  1 1 rot  o I ii- 
ettes  .ire  summarized  in  Table  3.  (This  table  contains,  amonp,  others, 
ref.  35-5J.) 

rile  react  ion  of  the  unsymmec  r ica  1 trinitrotoluenes  with  ammon  i .i 
in  .ilcohol  solvents  le.ids  to  the  aminod  ini  t rot  o luenes^  ’ ‘ ~ ' 

olten  in  hi^h  v ie  1 d . * ' Amines  react  to  vield  N-subst  i t uted 

r 3 {v  r 

.im  i nod  i n It  rot  o Inenes  . ■ 

These  ammonia  reactions  are  similar  to  that  of  sodium  sulfite  with 
t-TNT  isomers  (Sellite  process)  in  chat  a displacement  of  one  of  the 
uitro  yroups  occurs.  For  example,  reaction  of  3 (y-'TNT)  with  sodium 
sullite  le.ids  to  sodium  A , b-d  ini  t ro- 3-met  hv  1 benzeiu'sii  1 f ona  t e (27)  with 
elimination  of  sodium  nitrite.'’  Similarlv,  reaction  of  3 with  ammonia 
leads  to  5-am i nO-2 , 4-d  in  i C ro t o 1 uene  (2J_)  with  loss  of  ammonium  nitrite. 
These  reactions  do  not  proceed  beyond  tiie  formation  of  the  d ini t rot o luene 
der i v.i  t i ves  (no  d i am i non  i t roto 1 uenes  are  formed).  Also,  sodium  sulfite 
does  not  react  with  d i n i t roto 1 uenes . 
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The  reaetion  of  ammonia  with  the  unsymmetr ical  trinitrotoluenes  is 
believed  to  involve  formation  of  an  iiitermi-diate  sigma  complex  similar 
to  a Meisenheimer  compltix.  . • ‘ » ’•j  > .immonia  reacts  as  a nucleophile 
attacking  the  ring  carbon  atom  ortlio  and  para  to  ring-substituted  nitro 
groups.  Kor  example,  react  i(jn  of  t'-TNT  (2)  witf)  ammonia  will  result  in 
attack  at  the  3-position  leading  to  nitronate  salt  28.  Subsequent  loss 
of  nitrite  ion  from  ('.-3  produces  the  isolated  product,  3-amino-2,4- 
d in i t rot ol uene  (l7).  Ammonium  nitronate  salts  such  as  1^  and  28  are 
unst.ible,  sensitive  compounds,  and  should  he  considered  undesirable 
ingredients  of  stored  munitions. 


The  position  of  ammonia  attack  on  tlie  isomeric  trinitrotoluenes  to 
yield  aminod  ini t rotoluenes  has  been  established  (Table  3).  Attack 
occurs  preferentially  (with  resulting  cxciiange  of  nitro  b>’  amino)  and  at 
diliercnt  rates.  in  order  of  ease  of  aromatic  ring  nitro* amino  exchange 
are:  (1)  nitro  ortho  to  two  nitro  groups;  (2)  nitro  ortlio  to  a nitro 

group  and  a methyl;  and  (3)  nitro  ortlio  and  para  to  nitro  groups.  Nitro 
g.roiips  meta  to  a nitro  group  are  not  attacked  by  ammonia  to  yield  amino- 
din  i trotoluenes.  Since  i-TNT  is  the  only  trinitrotoluene  having  all 
nitro  groups  meta  to  each  other,  it  is  tiic  only  one  which  does  not 
directly  produce  a d i n i t roLoluid ine  by  reaction  with  ammonia  under  known 
londitlons  (see  discussion  above). 


All  of  the  possible  am i nod i n i L ro t o luenes  derived  from  isomeric 
trinitrotoluenes  by  aramonoiysls  have  been  synthesized  in  the  present 
study.  Compare  Tables  1 and  4. 
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Cpd. 

no. 


1 


2 


3 


4 


5 


6 


nia 

and 


TABLE  4.  Products  Derived  by  Reaction  of  Ammonia 
With  Isomeric  Trinitrotoluenes. 


Trinitro-  Reaction  Principal 

toluene  Form  conditions  product (s)  Ref. 


Ml^,  -10°C 

NH^.CH^COCH^)^,  -5°C 
NH^,C2H^0H,  78°C 

NH^,C2H^0H,  25°C 

NH.^,C2H^0H,  25°C 

NH^,C2H^0H,  25“’C 


5,21,22 

21 

6,9 

11, 12, 45, 


6,9,ll,ti 


14, (i 


14 


NH^,C2H^0H,  78“C 


8, 14, 16, (i 


Product  described  as  an  adduct  of  u-TNT  with  2 molecules  of  ammo- 
Ammonium  polysulfide  reduction  yields  2-amino-4,6-dinitrotoluene 
i-amiinio-2 , 6-d  ini  _ro  toluene . 

^ Structure  unknown  (see  text). 

Product  ^ formed  in  90  to  95%  yield  (Ref.  12,45). 

^ Present  investigation. 
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SYNTHESIS  OF  AMINODINITROTOLUENES 


There  are  16  aminodinitrotoluenes  theoretically  possible  (Table  3). 
Fifteen  of  these  were  known  at  the  time  this  study  was  initiated. 
Synthesis  of  the  remaining  unknown  isomer,  3-amino-2 , 5-d init rotoluene 
(^) , is  described  in  this  report.  A total  of  eight  aminodinitrotoluene 
isomers  were  prepared  in  the  present  work.  These  Included  the  five 
ammonolysis  products  of  the  unsymmetr ical  trinitrotoluenes  (compounds 
i;?.*  ^ Tables  3 and  4),  the  two  derived  by  reduction  of 

1- TNT  (^  and  2^)  and  18.  These  materials  were  considered  to  be  the 
isomers  of  major  significance  because  of  their  relationship  to  the 
trinitrotoluenes.  They  were  also  selected  as  representative  of  the 
entire  group  for  study  of  explosive  behavior. 

The  principal  methods  of  synthesis  of  the  aminodinitrotoluenes  may 
be  grouped  according  to  reaction  and  reactant  as  follows: 

1.  Ammonolysis  of  trinitrotoluenes 

2.  Ammonolysis  of  hydroxy,  alkoxy  or  halodinitrotoluenes 

3.  Reduction  of  trinitrotoluenes 

4.  Nitration  of  mononitrotoluidlnes  and  derivatives 

5.  Schmidt  reaction  (hydrazoic  acid)  with  dinitrotol uic  acids 

Details  of  most  of  the  synthetic  methods  employed  by  others  may  be  found 
in  the  references  listed  in  Table  3.  Discussion  of  the  syntheses 
employed  in  the  present  study  follows. 

Reaction  of  h-,  4-  and  n-TNT  (2,  3,  4 and  6,  respectively)  with 

excess  ethanolic  ammonia  (at  reflux  or  25°C)  gave  aminodinitrotoluenes 
17,  21,  23  and  13,  respectively  (cf.  Table  4).  The  ammonolysis  product 
of  t-TNT~^2, 3, 5-trinitrotoluene,  ^)  , 2-amino-3,  5-dini  trotoluene  (^)  was 
synthesized  by  an  alternate  route.  The  p-toluenesulfonamide  of  o- 
toliildlne  (29)  was  nitrated  in  two  steps  to  yield  first  the  mono-nitro 
derivative  ^ with  25Z  nitric  acid,  followed  by  nitration  with  35% 
nitric  acid  to  yield  the  dinitro  derivative  31.  Hydrolysis  of  ^ pro- 
duced_l^‘*®  (Scheme  1). 

The  reduction  of  oi-TNT  with  hydrogen  sulfide  in  dioxane  solvent 
(ammonia  catalyst)  leads  to  4-amino-2,6-dinitrotoluene  (^)  as  the 
principal  product  (99%  by  nuclear  magnetic  resonance  (NMR)  assay) 

2- Amino-4, 6-dinitrotoluene  (1^)  is  a minor  product  (1%)  (Scheme  11). 

Reduction  of  a-TNT  in  ethanol  solvent  takes  a different  course 
(Scheme  II).  A mixture  of  products  is  produced  containing  unrcacted 
TNT.  The  reduction  products  (ca.  50%  yield  total)  are  principally  4- 
amino-2,6-dlnltrotoluene  (25,  28%  of  the  product)  and  4-hydroxy lamlno- 
2 , 6-dlnitrotoluenc  (^,  57%)  obtained  by  reduction  of  the  C-4  nltro 
group  (cf.  Ref.  27-38).  Formed  in  small  amounts  in  these  reductions  are 


14 


NWC  TP  5933 


SCHEME  I 


NHTosyl-4 


3U 


NHTosv1-4 

H,SO^ 

NO^ 


12 


2-amino-4, 6-iiinitrotolucne  5%)  and  4, 6-dini  tro-2-hydroxylamino- 

toluene  10%).  Compound  33  has  not  previously  been  identified  as  a 

reduction  product  of  TNT.  Its  structure  and  assay  and  those  of  the 
other  components  of  the  mixture  were  established  by  column  cltromatog- 
raphy,  NMR  spectra,  and  mass  spectroscopy.  A product,  m.p.  155°C, 
obtained  by  hydrogen  sulfide  reduction  of  i-TNT  and  described  as  pure 
^^33,15  been  shown  by  us  to  be  a mixture  containing  principally  15 

and  the  4-hydroxy lamino  derivative,  32.  Pure  15  is  difficult  to  prepare 
by  reduction  of  TNT. 


A sample  of  pure  2-amlno-4, 6-dinitrotoluene  (1^,  m.p.  175  to  176°C) 
has  been  prepared  from  2-methyl-3, 5-dinitrobenzolc  acid  (34)  by  reaction 
with  hydrazoic  acid  (Schmidt  reaction)  . ^ 
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One  aminodinit rotoluene , 3-aniino-2 , 5-dlnitrotol uene  (18),  not 
previously  described  was  prepared  by  the  reactions  presented  in  Scheme 
III.  Most  of  the  usual  methods  of  synthesis  of  aminodinitrotoluenes , 
outlined  above,  are  not  applicable  to  preparation  of  this  isomer. 

Starting  with  o-toiuidine,  u-methyllsonitrosoacetanilide  (^)  was  pre- 
pared in  692'  yield.  Cyclization  of  ^ to  7-methyl  Isat  in  (^)  was 
conducted  in  concentrated  sulfuric  acid  at  65  to  75°C.  Without  isola- 
tion, 3^  was  nitrated  directly  to  yield  7-methyl -5-nitro-isatin  (^)  in 
812  overall  yield  from  35.  Saponification  and  oxidation  of  37  led  to 
2-amino-3-methyl-5-nitrobenzoic  acid  38  in  962.  yield.  Emmons  oxidation*’'^ 
of  38  with  peroxytri f luoroacetic  acid  in  trif luoroacet ic  acid  solvent 
led  to  2 , 5-d ini t ro-3-methyl benzoic  acid  (39)  in  75%  yield.  Treatment  of 
this  acid  with  hvdrazoic  acid  in  the  Schmidt  reaction  produced  the 
desired  3-amino-2 , 5-d ini t rotoluene  (j^)  in  95%  yield. 

The  reaction  of  2-methyl -5-nitroanil ine  {^)  with  fuming  nitric 
acid  (902)  has  been  reported  by  Kapil  to  produce  2-amino-4 ,6-dinitro- 
toluene  (15),  m.p.  160“C.^*^  (We  have  found  authentic  15  to  melt  at  175 
to  176°C;  Sitzman^^  reports  m.p.  173  to  174°C.)  In  our  hands,  Kapil's 
procedure  gave  a very  sensitive  explosive  compound,  m.p.  152  to  154°C 
(with  rapid  decomposition  followed  by  an  explosion  with  a flash;  impact 
sensitivity  less  than  10  cm  with  a 2.5  kg  weight).  Based  on  NMR,  mass 
spectra  and  infrared  spectra,  the  material  is  tentativelv  identified  as 
2-diazo-4,6-dinitro-3-methylphenol  (42).  Glowlak  has  prepared  4-dlazo- 
2 ,6-dinit ro-3-methy Iphenol . ® ^ From  the  study  of  Scilly  and  co- 
workers the  reaction  may  be  described  as  proceeding  through  a nltramine 
intermediate  (4j_^‘^^  mechanism  of  the  ^ conversion  has  not 

been  elucidated. 


40  41  42 
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SCHEME  III.  Synthesis  of  3-Amino-2, 5-dinitrotoluene  (18) . 


35 


36 


37 


38 


39 


36 


0 


(81%  from 

35) 

CH^ 

1 . NaOH  V 

2.  H2O2  ' 

3.  HOAc 

O2N  ^ 

^C02H 

(4) 

(96%) 

CF  CO  H 
CF^CO^H  ' 

O2N  -- 

^N02 

^COzH 

(5) 

39 

(75%) 

cn 

NaN^ 

02N-^ 

1 > 

[OJ 

NO 

r' 

-NH2 

(6) 

Ui 

(95%) 
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STRUCTURE  AND  NUCLEAR  MAGNETIC  RESONANCE 
SPECTRA  OF  AMINODINITROTOLUENES 


The  structure  of  each  of  the  isomeric  aminodlnitrotoluenes  (Table 
3)  has  been  carefully  established  by  several  methods.  These  include  the 
synthetic  route,  conversion  to  known  compounds,  chemical  behavior  and 
physical  properties,  including  spectra.  Much  of  the  work  on  deter- 
mination of  the  position  of  substituents  is  described  in  the  papers  of 
Kdrner  and  Contardi,  * Brady  and  co-workers, 

Ciua,  ^ ^ Cohen^®"^^  and  Robinson.  ' ^ ^ 

In  the  present  study  high  resolution  proton  NMR  spectra  of  the 
eight  aminod initrotoluenes  prepared  have  been  determined.  Their  NMR 
parameters  and  those  of  u-TNT,  4-hydroxy lamino-2 , 6-dinitrotoluene  and  2- 
hydroxylamino-4, 6-dinitrotoluene  are  given  in  Table  5.  The  spectra  are 
in  agreement  with  the  structural  assignments.  For  example,  expected 
ring  proton  coupling  values  are  observed  for  meta  hydrogens  (J  = 2.84 
and  2.48  Hz  for  compounds  1^  and  18,  respectively)  and  ortho  hydrogens 
(J  = 9.11  and  8.82  Hz  for  compounds  13  and  17,  respectively).  Weak 
coupling  between  the  ring  hydrogens  and  the  methyl  group  is  also  observed 
(J  < 1 Hz);  coupling  constants  are  strongest  for  ortho  and  weakest  for 
meta  hydrogens. 


STABILITY  OF  AMINODINITROTOLUENES 


Of  the  16  possible  aminodlnitrotoluenes,  eight  have  been  synthe- 
sized in  the  present  work,  including  all  those  derived  by  ammonolysis  of 
unsyrametr ical  trinitrotoluenes  and  reduction  of  a-TNT  (Table  3).  Physi- 
cal properties  are  summarized  in  Table  3.  All  of  the  aminodinitrotolu- 
enes  are  stable,  crystalline  solids  with  melting  points  ranging  from 
94°C  (3-amino-2, 4-dlnitrotoluene,  17^)  to  217-218°C  (2-amino-3, 5-dinitro- 
toluene,  ^) ; the  remainder  have  melting  points  between  125-200”C. 

Decomposition  temperatures  (first  exotherm)  were  established  by 
differential  thermal  analysis  (DTA)  for  eight  aminodlnitrotoluenes 
(^,  15,  17,  2^,  and  ^) . These  temperatures  are  listed 

in  Table  3 and  the  DTA  curves  are  presented  in  Figures  1 through  8. 

The  curve  for  t-TNT  is  Included  for  comparison  (exothermic  decomposition 
at  320°C,  Figure  9).  With  the  exception  of  compounds  ^ and  ^ which 
exhibit  initial  decomposition  temperatures  of  280  and  250°C,  respectively, 
the  aminodlnitrotoluenes  examined  reveal  initial  exothermic  decomposition 
between  300  to  325'’C.  All  may  be  considered  quite  stable  to  heat. 

Those  having  the  lowest  stability  (17  and  23)  have  an  amino  group 
between  two  nitro  groups.  Since  these  isomers  are  the  only  ones  showing 
this  structural  feature,  the  eight  isomers  not  examined  in  the  present 
work  (17,  lj6,  1J9,  2^,  and  ^)  would  be  expected  to  have 
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TABLE  5.  Proton  Nuclear  Magnetic  Resonance  Parameters  for  Selected 
Amlnodlnltrotoluenes  and  Related  Compounds. 
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iM'iMt  I'l  st.ibilitv  than  17  and  2i  and  to  resemble  most  closely  12,  11, 

1^,  Id,  21.  and  ^ in  their  stability,  i.e.,  decompose  near  100  U)  J25°(’. 


Measured  impait  sensitivities  of  the  eight  amlnodinit rotoluenes 
(12.  M,  ll.  17,  1_8,  and  '^)  indicate  very  high  stability  of 

t luse  ci'mpounds.  Values  obtained  (3b  mg  samples;  2.')  kg  weight)  were 
gteati-r  than  180  cm,  the  limit  of  the  instrument;  the  referenci-  value 
tor  n-TN'l  was  7b  cm.  One  exception  is  4-amino-2 , 6-d  in  it  roto  1 uene  (2b) 
which  has  an  impact  sensitivity  of  169  cm. 


CONCLUSIONS 

It  is  eoncludeil  from  t lu*  present  study  that  the  ami  nod  i n i t rot  o 1 u- 
enos.  a.-;  a group,  are  rather  stable  compounds  — much  more  stable  to 
impact  than  u-TNi  itself.  They  are  also  verv  stable  to  heat.  Thus, 
althi'ugh  certain  .iminod  i n i t rotoluenes  could  conceivably  form  by  reaction 
of  ammonia  with  t race  amounts  of  TNT  isomers  present  in  crude  TNT,  these 
reaction  pri'ducts  are  not  sensitive  explosives. 


EXPERIMENTAL  SECTION 

Infrared  spectra  were  determined  on  a Perkin  Elmer  Model  137;  *H 
NMR  specrr.i  were  determined  on  a Varian  XL- 100  spectrometer  with 
Transform  Technology  T'T-100  pulsed  Fourier  transform  system.  Proton 
• ind  ' ’c  clu'mical  shift  me.isurement s were  determined  .it  ca.  30‘’t:  .ind 
are  referenced  to  t et  ramet  hv  Is  i lane  internal  stand.ird.  Mass  spi-ctra 
weri-  determineil  on  an  Hitttchi  Model  RMU-6E.  Melting  [Joints  in- 
corrected.  Elemental  analyses  and  molecular  weights  (v.i[ior  osmometry) 
were  determined  by  Caibraith  Laboratories,  Knoxville,  Tennessee. 

:',eru'i  t i oit-icii  of  all  sam|)les  were  determined  as  b07.  positive 
values  from  25  shots  using  an  impact  tester  (Bureau  of  Mines  design) 
equipped  with  a 2.b  kg  weight.  Anvils  and  hammers  were  made  of  Kotos 
oil  hardening  tool  steel,  heat  treated  to  Rockwell  C-bb-60  hardness. 

The  surfaces  of  the  tools  were  ground.  Sample  weight  per  shot  was 
lb  ± 2 mg.  Samples  were  placed  on  sandpa[>er,  b/0  grit  carborundum. 

The  hammer  surlace  was  cleaned  with  acetone  and  wiped  dry  after 
each  shot  to  removi-  residues  of  previous  samples.  Freshly  ground 
h.immers  were  used  after  each  2b  shots  to  ensure  constant  testing 
conditions . 

Evaluation  of  the  shots  was  made  by  visual  observation  of  hammer 
surlace  and  sample.  A shot  was  considered  positive  when  black  reaction 
spots  were  formed. 
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All  sampK's,  with  one  exception,  had  me.iyured  Impact  sensitivities 
greater  than  the  limit  of  the  instrument  (180  cm);  4-ami  no-2 ,6-d in i l ro- 
toluene  (2^)  had  a value  of  189  cm.  2 ,4 , 8-Tr in i t rot olueno  (^) , a 
reference  compound,  produced  a value  of  75  cm  in  the  tests. 

Pi ffci't'Ht  ' ul  thtiri.il  .nial’ji'.in  nn''ur,ut‘kni:nt t;  were  determined  on  a 
Perkin  Klmer  Model  DSOIB  instrument.  Samples  of  2 to  8 mg  were  used  and 
temperature  curves  and  gas  eviilution  curves  were  plotted  for  aminotiini- 
trotolucnes  1_8,  IH,  2^,  and  u-TNT  (reference  compound). 

Heating  rate  was  l()°('/min.  Data  are  plotted  in  Figures  1 tiirough  9.  The 
pl<5t  of  Kiguri'  5 was  obtained  on  a modified  iitstrumenl  having  different 
si-nsitivity  settings  which  accounts  for  the  difference  in  response  magni- 
tude relative  to  the  other  figures.  Decomposition  temperatures  are  listed 
in  Table  3.  Kndotherms  correspoitd  closely  to  observed  capillary  melting 
points.  Initial  exothermic  maxima  (usually  sharp,  as  with  u-TNT)  are 
c.msidered  decomiios  i t ion  temperatures  and  are  usually  accompanied  by  gas 
evolution  at  the  same  temperature.  Neither  gas  evolution  nor  a sudden 
exotlierm  was  observed  with  4-amino-3 , 5-d  i n i t rotol  uene  (^)  (Figure  7); 
beh.ivior  of  2-.im  i no- 3 , 5-d  in  i t roto  luene  (1^)  was  similar  (Figure  1).  An 
exothi'rm  slowlv  increasing  with  temporal uie  was  noted  with  these  compounds; 
deciimiios  i t ion  temperatures  listed  in  fable  1 for  these  materials  are 
measured  at  the  onset  of  the  exotherm  and  are  therefore  lower  t)ian 
values  repi'rted  for  the  other  iumpounds. 

' -Amino-?  ,Ct-dinii  VO  toluene  (^)  was  prepared  by  treating  2,3,8- 
trinitrotoluene  (ti-TNT)  with  excess  ethanolic  ammonia  and  heating  under 
rei lux  according  to  the  procedure  of  Korner  and  Contardi;**'  the  product 
was  purified  by  recrystallization  from  ethanol,  m.p.  148  to  151°C. 

A-Amino-'A fA-dinitvotoLuene  (i^.)  was  prepared  in  a manner  similar  to 
the  preparation  of  from  2,3,4-trinitrotoluene  (B-TNT)  by  the 
procedure  of  Hepp;'^  the  product  was  purified  by  recrystal  I izat  ion  from 
aqueous  acetic  acid  (20%  water),  m.p.  92  to  93°C. 

i-:\min.i-V ,-l-dinitvatoluene  (2j^  was  prepared  by  treating  2,4,5- 
trinitrotoluene  (y-TNT)  with  excess  ethanolic  ammonia  at  23“('  according 
to  the  procedure  of  Hepp ; recrystallization  from  acetic  acid  gave  a 
pur  it  led  product,  m.p.  197  to  199°C. 

d-Arnino-A ,!'-iiinitr\)toluene  (23)  was  prepared  from  3,4,5-trinitro- 
toluene (4-1N'1)  in  a manner  similar  to  the  preparation  of  21;  recrvstal- 
lization  from  ethanol  gave  a purified  product,  m.p.  178  to  177°C. 

de.iuetion  of  A ,4,<'-Tv'}iit  votoLuonr  With  Hydi'Oijrn  Sulfide  in 
Oiixavc  Soli'ov.t.  i'v<']'Ovntioyi  of  d-omi  no-"  ii  ni  t vot  oluone  (25). 

2 , ,8-Tr  in  it  rot  o I uene  (100  g,  0.44  mole)  in  250  ml  of  tiioxane  was 
treated  with  concentrated  ammonium  hydroxide  (0.5  ml)  and  hydrogen 
sulfide  bubbled  throng!),  keeping  the  temperature  below  40°C  until  no 
further  exotliermii-  re.ai  t ion  was  observed.  '*'’’''*  Sulfur  was  removed  bv 
filtration.  The  pnniuct  was  isolated  as  Its  hydrochloride  salt  bv 
p.)ssing  dry  hydrogen  I'hloride  into  the  filtrate  to  vii'ld  38  g (17%)  of 
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^ hydrochloride,  m.p.  169  to  171°C  (literature  m.p.  172°C  ').  Tlie 
salt  was  converted  to  the  free  base  by  treatment  witli  aqueous  sodlvim 
hyroxide;  recrystallization  from  ethanol  gave  crystals  (80%  recovery) 
m.p.  167  to  168'‘C  (literature  m.p.  169°c'*'^;  171  to  172”c  '';  nrc*"*). 
Analysis  of  the  crude  25  by  proton  NMR  indicated  a mixture  of  4-amino- 
2,6-dinitrotoluene  (2^)  (99%)  and  2-amino-A,6-dinitrotoluene  (^)  (1%). 

Hiductlon  of  ,('>-Trinitrutolu>.’ne  u'ith  HydrojcK  dulfidc  in 
K’ikunoi  Solvent.  2,4,6-Trinitrotoluene  (100  g,  0.44  moli-)  suspended  in 
500  ml  of  absolute  etlianol  containing  0.5  ml  of  concentrated  ammonium 
hydroxide  was  treated  with  a rapid  stream  of  hydrogen  sulfide  gas  for 
1 hr,  keeping  the  reaction  temperature  at  25  to  30°C  by  ice-bath  cool- 
ing. The  reaction  mixture  was  filtered  to  remove  sulfur  and  the 

filtrate  was  diluted  with  water  (1  liter)  to  yield  64.8  g of  product 
mixture,  m.p.  100  to  120°C.  Assay  of  this  mixture  by  column  chroimi- 
tography  on  silica  (elution  with  benzene)  revealed  tliree  principal  bands 
(gravimetric  analysis):  (1)  unreacted  TNT  (23%);  (2)  a mixture  of  4- 

araino-2, 6-d  ini  t rotoluene  (^)  and  2-amino-4,6-dinitrotoluene  i]J))  in  a 
ratio  of  ca.  9:1  bv  NMR  and  gas  liquid  chromatography  .assay  (28%  total); 
and  (3)  a mixture  of  2-hydroxy lamino-4 , 6-d ini trotoluene  (33)  and  4- 
hyd roxv lamino-2 , h-d in  it rotoluene  (32)  (49%  total).  The  mixtures  of  25 
and  1^  and  of  32  .ind  ^ could  not  be  separated  bv  thin  layer  or  column 
chromatography  on  silica  or  alumina.  The  assay  was  established  more 
accurately  by  prott'n  NMR  giving  the  values:  TNT  (22%),  2^  (22%),  1^ 

(4"),  (44%)  and  £3  (8%);  measurements  were  m.ide  in  (CD.)  ,(,'0  solvent 

using  botli  methvl  and  aryl  signals  for  integration.  Spectra  of  pure 
components  are  summ.tr  ized  in  T.able  5. 

■!-'!•  in  \::yIonir  ,k-.iini  ti‘H  olui'ru'  (32).  A 60.0-g  .aliquot  of  the 
above  product  mixture  from  retluction  of  t-TNT  with  hydrogen  sulfide  in 
etii.inol  was  f rac t i on.i  1 1 v extracted  with  refluxing  benzene  in  a Soxhlet 
extr.iclor.  Alter  four  single  extractions  of  500  ml  each  (which  removed 
mo;.t  ol  the  25  and  15),  the  remaining  solid  was  extracted  continuously 
uitt  i I all  was  extr.icted  (1.5  hr).  Cooling  of  the  fin.il  extract  deposited 
11.7  g ot  crystalline  product  which  assayed  90%  32  bv  thin  layer  chroma- 
togr.tphv;  ri-crystal  1 izat  ion  from  benzene  gave  very  jiure  32,  m.p.  143  to 
I47”(  (liter.tture  m.p.  14  1 to  145°C'^*^);  mol.  wt . c.i  1 cu  1 ated  for  CvH;N  ,0  : 
211.15;  found  (mass  siiectrometry)  213  (parent  peak). 

: - \'J- ( -1- 1 o!  Nt’n,.ou  ! f 'Hj  ! ) uono  (^)  wa.s  prep.ired  by 

nitration  of  85.6  g (0.328  mole)  of  2- [N- (4- t o 1 uenesu I f onv I ) I t o luene 
(29)  with  25%  nitric  acid  by  the  procedure  of  Platt  and  Sharp*^^  to  yield 
98  g (97%)  of  _10,  m.p.  176  to  178°C  after  recrvst.i  1 1 iz.it  ion  from  ethanol; 
literature  m.p.  174  to  175°C*‘®. 

a , h-Dini  tt‘c-y-\H- i 4-t  olunyuvulfonn ! ) ]t.o!  ,‘cy  >■  (31)  wa.s  prepared  by 
nitration  of  49.0  g (0.16  mole)  of  2- [N- (4- to luenesu 1 f ony 1 ) 1 -5-ni t ro- 
toluene  (30)  with  35%  nitric  .acid  as  described  by  Pl.att  and  Sharp‘‘^ 
to  yield  52  g (93%)  of  M,  m.p.  160  to  163"C  aftet  rec  rvsia  1 1 i za  t ion 
from  ethanol;  literature  m.p.  161  to  Ihl^c'*^. 
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.■'-.•In  ■>!.  -.j  (12)  was  prepared  by  hydrolysis  of  50  g 

((1.142  mole)  ol  3,  5-diii  i t ro-2- [ N-^-to  1 uenesu  If  ony  1)  ) to!  uene  (M)  with 
eencentrated  sulfuric  acid  at  110°c'**^  to  yield  lb. 6 g (57%)  of  ^ after 
recrvstallizai  ion  from  ethanol,  m.p.  215  to  217‘’C  (literature  m.p.  217 
to  218°c‘;  m.p.  211  to  213“c‘^'J. 

--i’ti  >:  - i ^>u  ~ to'-uCKi'  (;^)  . 2-Met hy  1- 3 , 5-dln it robenzo ic  acid 
(11.  ( g,  0.050  mole)  was  converted  to  2-amino-4, 6-dinitrotciluene  by  the 
Schmidt  re.ict  ion  according  to  the  procedure  of  Zbarskii  i t.  After 

rec r vs t al 1 i za t ion  1 irst  from  ethanol  and  then  from  benzene  there  was 
obtained  b.O  g (61%)  of  crystals,  m.p.  175  to  177°C  (literature  m.p. 

17  i to  174°C;  crystallized  frttra  methanol  ). 

-'.'t  r.'.ij,.  t i/iiluii.’  (^)  was  prepared  by  the  procedure  of 

Oasseb.ium  from  -toluidine  (0.50  mole)  to  vield  61.0  g (69%)  of  crystal- 

line _35,  m.p.  120  to  121°C;  Sandmeyer  reports  m.p.  12l°C"^. 

/ ii.e 7-,‘ -I  o .!(.•'  h,  (^)  was  I'r  'pared  by  the  procedure  of  Casse- 
baum  ' t rom  61  g of  c-methyl  is(»nitrosoa«  ei  .tail  ide  (35)  to  yield  56.8  g 
(81%)  of  ^ as  orange  crystals,  m.p.  2!j0  to  255°C  (decomposition);  liter- 
ature m.p.  248  to  249” 

:'.-AriL}u  -,'-mcthyI Acid  (^)  was  prepared  from  56.8  g 
of  7-methy l-5-nitroisat in  {ij)  by  the  procedure  of  Cassebaum' ^ to  yield 
51.0  g (96%)  of  38  as  a yellow  powder,  m.p.  260  to  263°C  (decomposition); 
literature  ' m.p.  265  to  268°C  (crude),  268°C  (crystallized  from  acetic 
acid). 

" , -meLhylbcnr.oic  A 'id  (39).  To  tr if luoroacetic  acid 

(100  ml)  in  a three-necked  flask,  cliilled  in  an  ice  bath  (2°C),  was 
added,  with  stirring,  3.3  mi  (0.13  mole)  of  hydrogen  peroxide  (98% 
assay).  With  continued  stirring  was  added  20.3  ml  (0.144  mole)  of 
tr if luoroacet ic  anhydride  during  0.5  hr  keeping  the  temperature  at  2 to 
3°C.  To  the  resulting  solution  was  added  6.53  g (0.033  mole)  of  2- 
amino-3-methyl-5-nitrobenzoic  acid  (38)  during  5 min.  A reflux  con- 
denser was  attached  to  the  flask  and  the  ice  bath  removed  causing  the 
solution  to  warm  spontaneously  to  42°C  within  20  min.  The  reaction 
mixture  was  then  heated  under  reflux  for  3 hr.  The  deep-orange  colored 
solution  was  concentrated  to  dryness  under  reduced  pressure  and  the 
residue  triturated  with  iOO  ml  of  water.  i'he  insoluble  product  was 
removed  by  filtration,  washed  with  water  and  dried  to  yield  5.64  g (75%) 
of  m.p.  170  to  177”C;  two  recrystallizations  from  aqueous  metlianol 
(90%  methanol)  gave  straw-colored  prisms,  m.p.  180  to  181°C  (61.5% 
recovery);  ir  (KBr)  1730  cm“*  (C  = 0). 

Anahji’ic.  Calculated  for  ; C,  42.49;  H,  2.67;  N,  12.39; 

mol.  wt.  226.14.  found:  C,  42.68;'  H,  ’2.69;  N,  12.37;  mol.  wt . 230 

(v.'ipor  osmometry,  chloroform). 


13 


NWi:  TP  59 J 3 


‘ (18).  2, 5-Dini  tro-3-methylbenzoic  acid 

(59,  2.43  g,  0.0108  mole)  was  dissolved  in  21.5  g of  104%  snlfurle  acid 
(20%  SO  ^ , 80%  H SO  ).  Wliile  stirring,  and  keeping  tiie  temperature  at  5 
to  10‘'C  by  iee-batli  cooling,  powdered  sodium  azide  (0.84  g,  0.013  mole) 
was  .idded  cautiously  in  portions  of  less  than  0.1  g during  1 lir. 

(CAUTION : II  tbe  sodium  azide  is  added  too  rapidly  an  explosion  may 

ri'sujt  . ) Stirring  tbe  mixture  was  continued  at  0 to  10°C  for  1 br  (gas 
evolution  occursl,  10  to  3()°C  for  2 lir,  and  30  to  60°C  for  3 lir.  Tbe 
dark  mixture  was  then  poureii  onto  200  ml  of  crusbed  ice  to  yield  a 
ve 1 1 ow-orange  precipitate  wbicb  was  removed  by  filtration,  washed  with 
water  and  driisi  to  yield  2.02  g (95%)  of  18,  ra.p.  125  to  127°C;  recrys- 
talli/ation  from  95%  etb.mol  gave  rust-colored  flakes,  m.p.  127  to  128“C 
(79%  recovery);  ir  (Klir)  3400,  3250  cm”'  (NH)  . 

O .t  '.ys/.-.  Calculated  for  C H N 0,^ : C,  42.64;  H,  3.58;  N,  21.32: 

mol.  wt.  147.15.  Found:  C,  42.71;  H,'3.62;  N.  21.33;  mol.  wt . 198 

(osmometry,  cbli’roform)  . 

',  e-  !;nitr  - .■'-mr  ' ip'tu'yw  ’ (40).  2-Methvl-5-nlt  roani  1 ine 
(40,  15.2  g,  0.10  mole,  m.p.  107  to  109°C)  was  dissolved  in  120  ml  of 
C('ncent  rated  sulfuric  acid  with  stirring  and  c('ol  ing  to  0°C.  Fuming 
nitric  acid  (90%  UNO  , d = 1.5;  15  ml,  0.32  mole)  was  added  dropwise 
with  stirring  during  15  min  while  maintaining  the  temperature  at  0°C. 

The  reaction  mixture  was  .illowed  to  warm  to  ambient  temperature  with 
continued  stirring  during  3 br  (possible  exothermic  reaction  since  final 
temperature  w.ts  50°Cl  . It  was  t l\en  poured  onto  L200  ml  of  crusbed  ice 
and  alliiwi'd  to  stand  overnight.  T’be  gummy,  oily  product  was  filtered 
and  triturated  with  etb.tnol  to  yield  a dark-orange  solid  wbicb  was 
c r vsta  1 1 i z.ed  from  acetic  acid  to  yield  2.57  g (11.5%)  of  42,  m.p.  152  to 
154“C  (vigorous  decomposition,  followed  by  an  explosion);  impact  sensi- 
tivity t . 5 kg  weight)  less  than  10  cm;  Ir  (Nuiol)  2200  (C  = N ),  1630 
cm”';  NH  hands  absent;  NMR  [(CD;)  ,C  = 0]  i56.78(s,  1,  ring  CH)  , 270(s,  3, 
Cll,),  mol.  wt . (mass  spectrometry)  224  (parent  peak);  mol.  wt . calcu- 
lated for  C ,H,|N|^0  : 224.1  3. 
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